Abstract PF-06438179/GP1111 (Zessly ® ; Ixifi ® ) [hereafter referred to as GP1111] is a biosimilar of the reference monoclonal anti-TNF-α antibody infliximab, and is approved in the EU and USA for the same indications as the reference drug, including rheumatoid arthritis (RA), Crohn's disease, ulcerative colitis (including paediatric ulcerative colitis in the EU), ankylosing spondylitis, psoriatic arthritis and plaque psoriasis; GP1111 is also approved in Japan. GP1111 has similar physicochemical characteristics and pharmacodynamic properties to those of reference infliximab, and the pharmacokinetic similarity of the agents has been shown in healthy volunteers and patients with moderate-to-severe RA despite methotrexate therapy. GP1111 demonstrated clinical efficacy equivalent to that of reference infliximab in patients with moderate-to-severe RA, despite methotrexate therapy, and was generally well tolerated in this population. The tolerability, immunogenicity and safety profiles of GP1111 were similar to those of reference infliximab, and switching from reference infliximab to GP1111 had no impact on safety, efficacy or immunogenicity. The role of reference infliximab in the management of autoimmune inflammatory conditions is well established and GP1111 provides an effective biosimilar alternative for patients requiring infliximab therapy.
Introduction
PF-06438179/GP1111 (Zessly ® ; Ixifi ® ) [hereafter referred to as GP1111] is a biosimilar of the reference monoclonal anti-TNF-α antibody infliximab, and is approved in the EU [1] and USA for the same indications as the reference drug; it is also approved in Japan. GP1111 has similar physicochemical characteristics and pharmacodynamic properties to those of reference infliximab [2] (Table 2 ). Pharmacokinetic similarity of the agents has also been demonstrated [3] . This article summarizes, from an EU perspective (Table 1) , the key features of GP1111 and its clinical use in the treatment of rheumatoid arthritis (RA), Crohn's disease, ulcerative colitis (UC) [including paediatric UC in the EU], ankylosing spondylitis (AS), psoriatic arthritis (PsA) and plaque psoriasis, focusing on moderate-to-severe RA.
Clinical Efficacy
Clinical efficacy data for GP1111 are available from a randomized, double-blind, parallel-group phase III trial in adults with moderate-to-severe active RA, with an inadequate response to methotrexate and ≤ 2 doses of one non-depleting, non-infliximab biologic (REFLECTIONS B537-02) [4] [5] [6] . Eligible patients had an RA diagnosis for ≥ 4 months, ≥ 6/68 tender and ≥ 6/66 swollen joints at screening and baseline, and a high-sensitivity C-reactive protein (hs-CRP) level of ≥ 10 mg/L [7] . Patients must have used methotrexate for ≥ 12 weeks, with ≥ 4 weeks of stable dosages.
Patients were randomized to receive a 3 mg/kg intravenous infusion of GP1111 or reference infliximab at weeks 0, 2 and 6, and every 8 weeks thereafter, with continued use of methotrexate at doses of 10-25 mg/kg; dose escalation of GP1111 to 5 mg/kg was allowed in patients with an inadequate response starting at week 14 [5] . The trial consisted of three treatment periods; the first ending at week 30 pre-dose assessments, a second period where patients who had been receiving reference infliximab were blindly re-randomized at week 30 to continue receiving it or to switch to GP1111 until week 54 pre-dose assessments, and a third period where all patients received open-label GP1111 from week 54 until week 78 [7] . The primary efficacy endpoint was the proportion of patients achieving ≥ 20% improvement in ACR (ACR20) clinical response at week 14 in the intent-to-treat (ITT) population.
At baseline, the majority of patients were female (80.3%), white (77.5%) and seropositive for rheumatoid factor or anticitrullinated protein antibodies (79.4%); the mean duration of disease was 6.9 years and the mean Disease Activity Score-28; 4-components based on hs-CRP (DAS28-CRP) was 6.0 [5] .
GP1111 demonstrated equivalent efficacy to reference infliximab with regard to ACR20 response rates at week 14, with a two-sided 95% confidence interval (CI) for the difference between groups within the prespecified margin of ±13.5% in the ITT (Fig. 1 ) and per-protocol [66.7 vs. 67.2%; between-group difference (BGD) − 0.58%; 95% CI − 8.42 to 7.23%] populations [5] . Additionally, the 90% CI for the BGD with regard to ACR20 response rate in the ITT at week 14 (-8.75 to 4.02%) was within the prespecified asymmetric equivalence margin of − 12 to 15% [5] . At week 30, the ACR20 response (secondary endpoint) was achieved in 60.8 and 64.1% of patients in the GP1111 and reference infliximab groups [8] . Regarding other secondary endpoints, the ACR50 and ACR70 response rates were generally similar in the GP1111 and reference infliximab groups at weeks 14 ( Fig. 1 ) and 30 [5] . Through week 30, ACR50 and ACR70 response rates, were generally similar at all study visits; the mean change from baseline in DAS28-CRP at week 30 was − 2.1 for both treatment groups [5] .
Switching to GP1111
During the 24-week switching period of the study (weeks 30-54), efficacy was sustained regardless of whether patients continued to receive GP1111, switched from reference infliximab to GP1111 or continued to receive reference infliximab, as indicated by similar ACR20 rates and DAS28-CRP scores at week 54 across the GP1111/GP1111 (n = 280), reference infliximab/GP1111 (n = 143) and reference infliximab/reference infliximab (n = 143) groups [5] . ACR50 and ACR70 response rates were also generally similar across treatment groups [8] . Consistently, results from weeks 54 to 78 showed no clinically meaningful differences in efficacy between treatment groups regardless of a single treatment switch from reference infliximab to GP1111 at week 30 or week 54, as indicated by ACR20 
Dosage regimens
Rheumatoid arthritis 3 mg/kg on day 1, then at 2 and 6 wks after the first infusion, then q8w thereafter Ankylosing spondylitis 5 mg/kg on day 1, then at 2 and 6 wks after the first infusion, then q6-8w thereafter
All other indications 5 mg/kg on day 1, then at 2 and 6 wks after the first infusion, then q8w thereafter
Administration
GP1111 is a powder for concentrate for solution for infusion; intravenous administration over 2 h; shortened infusions to ≥ 1 h can be considered in carefully selected adults who are receiving maintenance therapy and who have tolerated the induction phase (i.e. ≥ 3 initial 2 h infusions) response rates being sustained and similar across the GP1111/ GP1111/GP1111 (n = 253), reference infliximab/GP1111/ GP1111 (n = 126) and reference infliximab/reference infliximab/GP1111 (n = 126) treatment groups; DAS-CRP scores were also sustained and similar across the treatment groups [6] .
Tolerability and Safety
The safety and tolerability profiles of GP1111 were comparable to those of reference infliximab and there were no significant safety issues with treatment for up to 54 weeks in adults with moderate-to-severe RA, who had an inadequate response to methotrexate therapy [4, 5] . During the 30-week study period, treatment-emergent adverse events (TEAEs) occurred in 57.3% of patients in the GP1111 group and 54.0% of patients in the reference infliximab group, most commonly reported in the 'infections and infestations' system organ class, with adverse events (AEs) leading to permanent treatment discontinuation occurring in 7.1% of GP1111 recipients and 7.4% of reference infliximab recipients [5] . Treatment-related AEs (TRAEs) occurred in 25.1% of GP1111 recipients and 23.0% of reference infliximab recipients, most commonly infusion-related reactions (IRRs) [5.3% (17/323) vs. 6.1% (20/326) of patients in the GP1111 and reference infliximab groups]. Grade ≥ 3 TRAEs were reported in < 5 % of patients across both treatment groups, with IRRs being the only grade ≥ 3 TRAE reported in ≥ 1% of patients in the GP1111 or reference infliximab groups [8] . Serious AEs occurred in 5 and 6.1% of patients in the GP1111 and reference infliximab groups [5] , and were considered to be treatment-related in 1.2% of patients in each group [8] .
In terms of AEs of special interest, treatment-emergent infectious AEs occurred in 26.9 and 22.4% of patients in the GP1111 and the reference infliximab groups [5] , with hospitalization due to infectious AEs required in 5.7 and 13.7%, and discontinuation of treatment occurring in 1.5 and 2.1% of patients in these groups [8] . In each of the GP1111 and reference infliximab groups, there were three cases of pneumonia reported (0.9%) and one case of latent/active tuberculosis (0.3%) [5] . Serious infectious AEs occurred in 1.9% of patients in the GP1111 group and 2.8% of patients in the reference infliximab group. Treatment-emergent IRRs occurred in 5.9% of GP1111 and 6.4% of reference infliximab recipients and led to discontinuation of treatment in 1.9 and 1.8% of patients in these groups [5, 8] ; the majority (89.5-95.2%) of IRRs were considered treatment-related, but none were considered serious [8] . Hypersensitivity AEs occurred in 13.6 and 15.6% of patients in the GP1111 and reference infliximab groups [5] ; one grade 5 serious hypersensitivity AE was reported in the reference infliximab group and was considered not related to treatment [8] . As regards malignancy and lymphoma-related AEs, one patient in each of the GP1111 and reference infliximab groups reported grade 3 colon cancer that was not considered to be treatment-related [5, 8] ; one additional patient in the reference infliximab group was diagnosed with a nonmalignant lipoma [8] . Two deaths occurred in each treatment group, none of which considered treatment-related [5, 8] .
During the 24-week switching period (weeks 30-54), safety profiles were comparable across the three treatment groups, with incidence rates of TEAEs of 36.8, 37.8 and 33.6% among GP1111/GP1111, reference infliximab/GP1111 and reference infliximab/reference infliximab recipients, respectively [4] . In patients who were switched from reference infliximab to GP1111, the incidence of serious AEs was not higher than in those who continued to receive reference infliximab (2.8 vs. 7.7%), nor was the incidence of IRRs (4.2 vs. 8.4%) [4] . Furthermore, the safety profiles were similar across the three treatment groups during the third treatment period (weeks 54-78), with TEAEs occurring in 28.9-30.2% of patients in these groups [6] .
Immunogenicity
Anti-drug antibodies (ADAs) occurred at a similar incidence with GP1111 as with reference infliximab regimens. In the phase III RA trial, 48.5% of GP1111 and 51.2% of reference infliximab recipients developed ADAs over 30 weeks and neutralizing antibodies were detected in 79.0 and 85.6% of these patients [9] . The impact of detectable ADAs was similar in the GP1111 and reference infliximab groups, with a trend towards reduced efficacy and increased rates of IRRs in both treatment groups [9] . During the 24-week switch period, there were no clinically meaningful differences in immunogenicity amongst the treatment groups, with ADA Fig. 1 The proportion of patients meeting ACR criteria for ≥ 20% improvement (ACR20) [primary endpoint], ≥ 50% improvement (ACR50) and ≥ 70% improvement (ACR70) at week 14 with GP1111 and reference infliximab, in the intent-to-treat population [5, 8] . Nonresponder imputation was used to perform the primary analyses for ACR20 at week 14. BGD between-group difference, INF reference infliximab, pts patients rates in the GP1111/GP1111, reference infliximab/GP1111 and reference infliximab/reference infliximab of 52.1, 58.0 and 60.1%, respectively [4] . Moreover, results from the third treatment period indicate that the absence of clinically meaningful differences in immunogenicity amongst treatment groups continued from weeks 54 to 78 [6] .
Conclusion
GP1111 is an infliximab biosimilar with similar efficacy, tolerability, safety and physicochemical and biological characteristics to the reference product (Table 2 ). Based on totality of the evidence, GP1111 has been approved in the EU for all indications for which reference infliximab is approved, including RA, Crohn's disease, UC, AS, PsA and plaque psoriasis.
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Immunogenicity
No unexpected immunogenicity issues [4, 5, 9] Switching from EU-sourced infliximab to GP1111 had no impact on immunogenicity [4] Efficacy and tolerability (in reference trial)
Similar efficacy and tolerability to reference infliximab in patients with moderate-to-severe rheumatoid arthritis despite MTX treatment [5] Switching from reference infliximab to GP1111 had no significant impact on efficacy or tolerability [4] 
